Abstract: This paper presents the development of a wetland water balance model for use in a large river basin with many different wetlands. The basic model was primarily developed for a single wetland with a complex water management system involving large amounts of specialized input data and water management details. The aim was to simplify the model structure and to use only commonly available data as input for the model, with the least possible loss of accuracy. Results from different variants of the model and data adaptation were tested against results from a detailed model. This shows that using commonly available data and unifying and simplifying the input data is tolerable up to a certain level. The simplification of the model has greater effects on the evaluated water balance components than the data adaptation. Because this simplification was necessary for large-scale use, we suggest that, for reasons of comparability, simpler models should always be applied with uniform data bases for large regions, though these should only be moderately simplified. Further, we recommend using these simplified models only for large-scale comparisons and using more specific, detailed models for investigations on smaller scales.
Introduction
In case studies, hydrological models are frequently used to compare the effects of land use, climate, or global change in different regions. One precondition for such large-scale case studies is homogeneous input data of sufficient quality regarding the model requirements. Often it is not possible to take a hydrological model developed for a specific task in a small region and apply it directly to a large region. Specific input data for large regions are not available in the same quality as for small ones, or the model has to be adjusted to specific requirements. Consequently, coarser data have to be used and models have to be simplified.
In our case, the aim was to take a wetland water balance model developed for a very specific wetland and prepare it for application to many different wetlands in a large river basin. The basis is the wetland water balance module WABI, which was developed by Dietrich et al. [1] as an extension for a WBalMo®model system [2] based on the example of the Spreewald wetland (51˝54 1 N, 13˝55 1 E). The main task of the WABI module is to estimate the water demand of wetland areas as a basis for water budget calculation and water management in the WBalMo model. The integration of special modules in WBalMo model systems has often been used to integrate the requirements of different kinds of water users in this model system [3] [4] [5] .
model structure are used to show their effects on the results, the applicability, and the constraints of modeling at the regional scale.
Materials and Methods

Test and Application Area
The Spreewald wetland is situated 70 km south-east of Berlin in the Spree River basin (Figure 1 ). The area of the wetland is about 320 km 2 . Land use is mainly grassland, arable fields, and forests. The soils are dominated by gleyic sands and fens. A detailed description of the wetland and the water resource management systems in the wetland and its sub-basins is given by Dietrich, Redetzky, and Schwärzel [1] . The wetland was used to develop a simplified version of the WBalMo Spreewald model.
The application area for the simplified model is the Elbe Lowland in the northern part of the Elbe River basin (148,000 km 2 ) in Germany. Thirty-five wetlands larger than 1000 ha with an overall area of 3840 km 2 were selected within the Elbe Lowland for integration into the water balance model WBalMo GLOWA-Elbe [26] . kinds of input data and model structure are used to show their effects on the results, the applicability, and the constraints of modeling at the regional scale.
Materials and Methods
Test and Application Area
The application area for the simplified model is the Elbe Lowland in the northern part of the Elbe River basin (148,000 km 2 ) in Germany. Thirty-five wetlands larger than 1000 ha with an overall area of 3840 km 2 were selected within the Elbe Lowland for integration into the water balance model WBalMo GLOWA-Elbe [26] . 
Basic Models: WBalMo, WABI, and WBalMo Spreewald I
The WBalMo model system [2, 27] served as the basis for the Elbe basin study in the GLOWA-Elbe research project ( [28] ). This system simulates both hydrological processes and water management in a river basin. River basins are represented by simulated sub-basins, stream networks, balance profiles, water users, and reservoirs. The input variables are time series, either 
The WBalMo model system [2, 27] served as the basis for the Elbe basin study in the GLOWA-Elbe research project ( [28] ). This system simulates both hydrological processes and water management in a river basin. River basins are represented by simulated sub-basins, stream networks, balance profiles, water users, and reservoirs. The input variables are time series, either calculated using precipitation runoff models or generated stochastically. Water use processes, such as the management of reservoirs or water extraction by power plants, are reproduced by deterministic means [29] . The time step is one month. The specific module WABI was integrated into WBalMo to calculate the water balance of the groundwater-influenced areas with drainage and sub-irrigation systems. To use this module, a wetland was divided into sub-areas: the smallest areas where the groundwater level could be regulated separately. Two important assumptions regarding the WABI module are that the groundwater surface in each sub-area can be approximated as a horizontal plane, and that the water distribution and exchange within the wetland will be realized entirely by the channel network. Only sub-areas at the border of the wetland can be supplied from the surrounding aquifer. The module requires monthly target groundwater levels for each sub-area, and information about the frequency distribution of elevation values, land use, and soil types, as well as a storativity function extended for open water conditions. Further, it takes into account precipitation and potential evapotranspiration, and data for target groundwater levels. It provides the actual evapotranspiration, the discharge into the channel network or directly into the river, and the groundwater level in each sub-area. A detailed description is given in Dietrich, Redetzky, and Schwärzel [1] of the basic models, how the WABI module is integrated into the WBalMo system, and the model tests using the example of the Spreewald wetland.
The original Spreewald model, called WBalMo Spreewald I here, contains 135 streams with 89 nodes with defined water distributions. The wetland area (320 km 2 ) is divided into 197 sub-areas. Each of the sub-areas is regarded as a separate water user in the model. The database (DEMs, soil map, land use map) consists of particularly detailed data not available for all wetlands in the Elbe Lowland. In consequence, it was necessary to adjust the WBalMo Spreewald I model, turning it into a database which was available for the whole Elbe Lowland, and to simplify the model for use on a larger scale, before assembling the wetland models for all 35 selected wetlands.
Adaptation of the Basic Model to the Scale of the Whole Elbe Basin
The adaptation of the basic model to the scale of the whole Elbe basin was carried out in two steps. The basis is the model WBalMo Spreewald I. In the first step the database of this model was gradually modified and simplified. This work was done in the pre-processing: different variants of input data were calculated with the existing model and selected results were compared. It was not our ambition to develop all the variants which can be created by combining the different input parameters. Our approach was to start the simplification with one parameter and to find the level which had no relevant impact on the results. Then this parameter was fixed and the next parameter was modified in the same way, and so on. Thus the number of variants was manageable, but also incomplete from the point of view of combinatorial analyses. However, it is not possible to compare the impact of each parameter with the impact of every other parameter.
In the second step the model structure was simplified by collating sub-areas of the wetland into larger sections. Both steps are described in detail in the following.
Adaptation of the Database
The model WBalMo Spreewald I was developed based on specific, detailed data: The grid size of the entire digital database used is 25 mˆ25 m. During the scaling procedure one database was either exchanged or modified as the number of classes was reduced. The number of soil classes in BÜK300 was reduced step by step from five to one ( Figure 2 ) and all other parameters remain the same (variants 0 to 3). Then the soil map with four soil classes (BÜK300/4) was used for the variants where the other parameters were modified. • digital land use map: CORINE land cover [36] , • digital soil map: BÜK300 [33] .
The grid size of the entire digital database used is 25 m × 25 m. During the scaling procedure one database was either exchanged or modified as the number of classes was reduced. The number of soil classes in BÜK300 was reduced step by step from five to one ( Figure 2 ) and all other parameters remain the same (variants 0 to 3). Then the soil map with four soil classes (BÜK300/4) was used for the variants where the other parameters were modified. The number of land use classes on the BTSPW map was reduced from seven to four (Figure 3 ). The class "intensive grassland" was changed to "extensive grassland", while the classes of urban and unused land were integrated into the land use classes of their surrounding areas. The land use maps were combined with the soil map with four classes and the DEM10. Than the BTSPW land use map was exchanged with the BTBRB map and CORINE map. Both maps distinguish between four land use classes. Two different DEMs were used. The differences between these DEMs are relatively minor for the whole wetland (Figure 4 ). In the variants, at first the DEM10 was combined with the soil map and the land use maps (variants 0 to 6). In variant 7, the DEM25 was combined with the soil map with four classes as well as the BTBRB with four classes. The number of land use classes on the BTSPW map was reduced from seven to four (Figure 3 ). The class "intensive grassland" was changed to "extensive grassland", while the classes of urban and unused land were integrated into the land use classes of their surrounding areas. The land use maps were combined with the soil map with four classes and the DEM10. Than the BTSPW land use map was exchanged with the BTBRB map and CORINE map. Both maps distinguish between four land use classes. • digital land use map: CORINE land cover [36] , • digital soil map: BÜK300 [33] .
The grid size of the entire digital database used is 25 m × 25 m. During the scaling procedure one database was either exchanged or modified as the number of classes was reduced. The number of soil classes in BÜK300 was reduced step by step from five to one ( Figure 2 ) and all other parameters remain the same (variants 0 to 3). Then the soil map with four soil classes (BÜK300/4) was used for the variants where the other parameters were modified. The number of land use classes on the BTSPW map was reduced from seven to four (Figure 3 ). The class "intensive grassland" was changed to "extensive grassland", while the classes of urban and unused land were integrated into the land use classes of their surrounding areas. The land use maps were combined with the soil map with four classes and the DEM10. Than the BTSPW land use map was exchanged with the BTBRB map and CORINE map. Both maps distinguish between four land use classes. Two different DEMs were used. The differences between these DEMs are relatively minor for the whole wetland (Figure 4 ). In the variants, at first the DEM10 was combined with the soil map and the land use maps (variants 0 to 6). In variant 7, the DEM25 was combined with the soil map with four classes as well as the BTBRB with four classes. Two different DEMs were used. The differences between these DEMs are relatively minor for the whole wetland (Figure 4 ). In the variants, at first the DEM10 was combined with the soil map and the land use maps (variants 0 to 6). In variant 7, the DEM25 was combined with the soil map with four classes as well as the BTBRB with four classes. After each step the soil map and the land use map were intersected in the GIS (geographic information system). The results are hydrological response units, from which the input values were produced for the WBalMo Spreewald model. The storage curves of the sub-areas were calculated along with the DEM. All parameter sets necessary for the WBalMo Spreewald model are described in Dietrich, Redetzky, and Schwärzel [1] . Subsequently, the model was run for all variants using the same meteorological and hydrological time series from 1990 to 2000. The monthly target water levels were always the same for each year and all variants.
Adaptation of the Model Structure
The model structure of the detailed model WBalMo Spreewald I was adapted to the larger scale. Smaller sub-areas of the wetland were aggregated to form larger sections. This reduces the number of water users in the model as well as the number of distribution nodes, meaning that the model run time was shortened. This aggregation is possible because in practice several weirs are often regulated in groups or only the main weirs are regulated, not each of the smaller weirs. The only problem with this aggregation is fulfilling the model assumption of a horizontal plane groundwater After each step the soil map and the land use map were intersected in the GIS (geographic information system). The results are hydrological response units, from which the input values were produced for the WBalMo Spreewald model. The storage curves of the sub-areas were calculated along with the DEM. All parameter sets necessary for the WBalMo Spreewald model are described in Dietrich, Redetzky, and Schwärzel [1] . Subsequently, the model was run for all variants using the same meteorological and hydrological time series from 1990 to 2000. The monthly target water levels were always the same for each year and all variants.
The model structure of the detailed model WBalMo Spreewald I was adapted to the larger scale. Smaller sub-areas of the wetland were aggregated to form larger sections. This reduces the number of water users in the model as well as the number of distribution nodes, meaning that the model run time was shortened. This aggregation is possible because in practice several weirs are often regulated in groups or only the main weirs are regulated, not each of the smaller weirs. The only problem with this aggregation is fulfilling the model assumption of a horizontal plane groundwater level in a sub-area despite the larger units. The relief can be more heterogeneous or there can be a slope in the groundwater surface at the edge of the wetland. Normally, a sufficient reproduction of the real groundwater levels below the surface is only possible if the sub-areas are not too large, especially for difficult hydrological conditions. As this is a precondition for accurately calculating the evapotranspiration, this problem was solved by modifying the DEM ( Figure 5 ). In the modified DEM the relations between the smaller sub-areas were considered in the new sub-areas, here called sections. The following procedure was adopted:
‚ "Sub-areas" (sub) describes a set of properties such as area (A), target water levels (GW tar ), and surface elevations (h) sub " tA, GW tar , hu
‚ Sub-areas (subscript i) were merged into new sections (sec, subscript j).
‚ The target water level of the new section (GW tar,j ) is the lowest target water level of all merged sub-areas.
The difference ∆GW tar,j,i is calculated between the winter target water level GW tar,j and the winter target water level of each sub-area of a section (GW tar,j,i )
‚ Then the modified DEM h mod,j,i is calculated by the difference between the h j,i and ∆GW tar,j,i and merged to h mod,j of the new section. level in a sub-area despite the larger units. The relief can be more heterogeneous or there can be a slope in the groundwater surface at the edge of the wetland. Normally, a sufficient reproduction of the real groundwater levels below the surface is only possible if the sub-areas are not too large, especially for difficult hydrological conditions. As this is a precondition for accurately calculating the evapotranspiration, this problem was solved by modifying the DEM ( Figure 5 ). In the modified DEM the relations between the smaller sub-areas were considered in the new sub-areas, here called sections. The following procedure was adopted:
• "Sub-areas" (sub) describes a set of properties such as area (A), target water levels (GWtar), and surface elevations (h)
• Sub-areas (subscript i) were merged into new sections (sec, subscript j).
• The target water level of the new section (GWtar,j) is the lowest target water level of all merged sub-areas.
• The difference ΔGWtar,j,i is calculated between the winter target water level GWtar,j and the winter target water level of each sub-area of a section (GWtar,j,i)
• Then the modified DEM hmod,j,i is calculated by the difference between the hj,i and ΔGWtar,j,i and merged to hmod,j of the new section.
(a) (b) Aggregated system with collated sections and modified surface hmod (gwlbs-groundwater levels below surface, GWtar-target groundwater levels).
The result is a modified DEM (hmod,j) which does not have a real elevation. However, if the groundwater levels below the surface are calculated with a horizontal groundwater level for the whole section (GWj), we get the same distribution of groundwater levels below the surface as for smaller sub-areas. Figure 5 illustrates the procedure and the result. The upper scheme shows the initial situation for six sub-areas as an example. These sub-areas were merged to form two sections. For each sub-area a horizontal groundwater level is assumed which corresponds to the water level at the respective weir (GWj,i). The differences between the surface elevation and the horizontal groundwater level result in a distribution of groundwater levels below the surface (gwlbs). The lower scheme shows the result of the modification of the DEM. The surface is different to the original surface. Now each of the two sections has one horizontal groundwater level (GWj). The difference between the modified DEM and these two levels results in the same distribution of groundwater levels below the surface as in the upper scheme. The integrated larger sections with the assumption of a horizontal groundwater level in each section in our model have the same distribution of groundwater levels below the surface in the model calculations.
Simplifying the model structure results in a reduction in the number of water users from 197 (sub-areas) to 49 (sections) for the Spreewald wetland ( Figure 6 ). One hundred and ninety and 42 water users, respectively, are sites with groundwater levels near the surface (grassland, arable land, forest) and seven water users are fish ponds. The fish ponds are identical in both models. The result is a modified DEM (h mod,j ) which does not have a real elevation. However, if the groundwater levels below the surface are calculated with a horizontal groundwater level for the whole section (GW j ), we get the same distribution of groundwater levels below the surface as for smaller sub-areas. Figure 5 illustrates the procedure and the result. The upper scheme shows the initial situation for six sub-areas as an example. These sub-areas were merged to form two sections. For each sub-area a horizontal groundwater level is assumed which corresponds to the water level at the respective weir (GW j,i ). The differences between the surface elevation and the horizontal groundwater level result in a distribution of groundwater levels below the surface (gwlbs). The lower scheme shows the result of the modification of the DEM. The surface is different to the original surface. Now each of the two sections has one horizontal groundwater level (GW j ). The difference between the modified DEM and these two levels results in the same distribution of groundwater levels below the surface as in the upper scheme. The integrated larger sections with the assumption of a horizontal groundwater level in each section in our model have the same distribution of groundwater levels below the surface in the model calculations.
Simplifying the model structure results in a reduction in the number of water users from 197 (sub-areas) to 49 (sections) for the Spreewald wetland ( Figure 6 ). One hundred and ninety and 42 water users, respectively, are sites with groundwater levels near the surface (grassland, arable land, forest) and seven water users are fish ponds. The fish ponds are identical in both models. 
Model Evaluation
Depending on the model's purpose, two aspects have to be considered during the model evaluation process. The first aspect is the effect of the whole wetland within the river basin. In our case the model has to work as a sub-model in a large water balance model for the whole Elbe River basin and has to calculate the water balance of large wetlands. This means the water balance of the wetland as a whole has to be reflected correctly. The best parameter to evaluate this is the difference between the discharge in the main river downstream of the wetland Rout and all inflows to the wetland Rin (Rout-Rin). In principle, this is the water withdrawal of the wetland sub-areas from the stream system, and the drainage from the wetland sub-areas to the stream system, depending on the current water balance situation.
The second aspect is correctly reflecting the hydrological behavior within the wetland. Because the wetland is divided into many sub-areas (which can be seen as sub-basins) the results for each sub-area have to be compared with the results for the corresponding sub-area of variant 0 for each time step. The most interesting factors for the scope of the model are the water balance components of evapotranspiration (Eta), water withdrawal from the stream system (Rw), and drainage to the stream system (Rd), as well as the differences between the target and actual groundwater level, which is referred to here as the groundwater level deficit (GWdef). The results of the different model variants are compared with the values of variant 0. The evaluation of variant 0 with measured discharge values and groundwater levels for selected sub-areas was described in [1] . All variants were run with the same mathematical model. To compare the results of the aggregated model (variant 8) with variant 0, the results of the 197 sub-areas of variant 0 were aggregated to form the 49 sections of model WBalMo Spreewald II in a post-processing step.
In line with Bennett et al. [37] we used a mix of visual analyses and selected performance criteria to assess the model performance of the variants. The strengths and weaknesses of different criteria have been discussed in detail in different papers [37] [38] [39] . On this basis we decided to use the standard statistics of mean and variance to compare the mean monthly values of the whole wetland. Using a simple linear regression for visual performance analyses, the root mean square error 
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The second aspect is correctly reflecting the hydrological behavior within the wetland. Because the wetland is divided into many sub-areas (which can be seen as sub-basins) the results for each sub-area have to be compared with the results for the corresponding sub-area of variant 0 for each time step. The most interesting factors for the scope of the model are the water balance components of evapotranspiration (Eta), water withdrawal from the stream system (R w ), and drainage to the stream system (R d ), as well as the differences between the target and actual groundwater level, which is referred to here as the groundwater level deficit (GW def ). The results of the different model variants are compared with the values of variant 0. The evaluation of variant 0 with measured discharge values and groundwater levels for selected sub-areas was described in [1] . All variants were run with the same mathematical model. To compare the results of the aggregated model (variant 8) with variant 0, the results of the 197 sub-areas of variant 0 were aggregated to form the 49 sections of model WBalMo Spreewald II in a post-processing step.
In line with Bennett et al. [37] we used a mix of visual analyses and selected performance criteria to assess the model performance of the variants. The strengths and weaknesses of different criteria have been discussed in detail in different papers [37] [38] [39] . On this basis we decided to use the standard statistics of mean and variance to compare the mean monthly values of the whole wetland. Using a simple linear regression for visual performance analyses, the root mean square error (RMSE), the standard deviation of the residue (σ res ), the Pearson coefficient of determination (r 2 ), and the Nash-Sutcliffe Efficiency (NSE) as the selected performance criteria, the individual values of the sub-areas and sections were each evaluated. All metrics were calculated using the equations described in Bennett et al. [37] .
Results
Storage Curves
One important input parameter of the WABI module is the storage curve of each water user. The storage curves are results of the pre-processing procedure and depend on the soil parameters, the DEMs, and the partition of the wetland into sub-areas [1] . In Figure 7 the change in the water storage was calculated for each sub-area for a change in the groundwater levels between the minimum elevation level H min of each sub-area (here set to 0 m) and 1 m below H min , as well as between 1 m and 2 m below H min . The figures are summarized for the whole wetland and the differences to the corresponding values of variant 0 are shown. The differences between five and four soil classes and between the variants with the two soil classes of "peat" and "sand" are minor if the DEM and the model structure are the same (˘10 mm). Substituting "peat" for "sand" (variant 3) causes the whole wetland to store less water. Using DEM25 in place of DEM10 affects the storage characteristics of the range near the surface (0 to 1 m below H min ) more than it affects the characteristics of the range between 1 and 2 m below H min . Simplifying the model by collating sub-areas has the largest effect on the storage behavior of the wetland, especially for groundwater levels near the surface. The difference between variants 0 and 8 can be up to´77 mm for the first meter. (RMSE), the standard deviation of the residue (σres), the Pearson coefficient of determination (r 2 ), and the Nash-Sutcliffe Efficiency (NSE) as the selected performance criteria, the individual values of the sub-areas and sections were each evaluated. All metrics were calculated using the equations described in Bennett et al. [37] .
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One important input parameter of the WABI module is the storage curve of each water user. The storage curves are results of the pre-processing procedure and depend on the soil parameters, the DEMs, and the partition of the wetland into sub-areas [1] . In Figure 7 the change in the water storage was calculated for each sub-area for a change in the groundwater levels between the minimum elevation level Hmin of each sub-area (here set to 0 m) and 1 m below Hmin, as well as between 1 m and 2 m below Hmin. The figures are summarized for the whole wetland and the differences to the corresponding values of variant 0 are shown. The differences between five and four soil classes and between the variants with the two soil classes of "peat" and "sand" are minor if the DEM and the model structure are the same (±10 mm). Substituting "peat" for "sand" (variant 3) causes the whole wetland to store less water. Using DEM25 in place of DEM10 affects the storage characteristics of the range near the surface (0 to 1 m below Hmin) more than it affects the characteristics of the range between 1 and 2 m below Hmin. Simplifying the model by collating sub-areas has the largest effect on the storage behavior of the wetland, especially for groundwater levels near the surface. The difference between variants 0 and 8 can be up to −77 mm for the first meter. Water storage for groundwater level changes between minimum elevation level Hmin and 1 m below surface, and between 1 m and 2 m below surface, respectively, were calculated for each sub-area, summarized for the whole wetland, and compared to variant 0. Table 2 summarizes the mean monthly values of Rout-Rin, as well as the mean monthly sum of Eta, Rw and Rd of the whole wetland and the mean GWdef of all sub-areas for all variants. There is relatively little difference in the mean values between the variants. The maximum difference between Rout-Rin of variants 0 and 8 is only 0.22 m 3 /s. The variances for all parameters are comparatively large despite the variances for GWdef. What is responsible for the large variances is the large fluctuations within the years, as well as differences between the years. The variance of GWdef is small compared to its mean value and different to the variances of the other parameters because the water availability is usually enough, not least because of the target water level's adaptation to the annual cycle. Table 2 summarizes the mean monthly values of R out -R in , as well as the mean monthly sum of Eta, R w and R d of the whole wetland and the mean GW def of all sub-areas for all variants. There is relatively little difference in the mean values between the variants. The maximum difference between R out -R in of variants 0 and 8 is only 0.22 m 3 /s. The variances for all parameters are comparatively large despite the variances for GW def . What is responsible for the large variances is the large fluctuations within the years, as well as differences between the years. The variance of GW def is small compared to its mean value and different to the variances of the other parameters because the water availability is usually enough, not least because of the target water level's adaptation to the annual cycle. 
Mean Monthly Values
Monthly Water Withdrawal and Drainage of the Whole Wetland
The monthly values of R w and R d of the whole wetland show large fluctuations within every year (Figure 8) . Negative values mean that the discharge downstream of the wetland is smaller than the sum of all inflows because the water withdrawal of all sub-areas from the stream system is larger than the sum of all drainage into the stream system. In most cases this happens during the summer months, when there is high withdrawal from the wetland areas. Drainage situations are more typical for the winter months, a possible exception being months with above-average precipitation values. In such wet months, drainage can also arise in spring or summer. All variants reflect the behavior of variant 0. Variant 8 has slightly higher drainage values in some months, resulting in the higher variance value in Table 2 .
However, the differences are relatively small compared to the absolute values of discharge downstream of the wetland. The NSE and the r 2 are always nearly 1 ( Table 3 ). The RMSE and the σ res show some differences between the variants. The values for variants 3, 6, and 8 are around a decimal place higher than for the other variants with the smaller changes in the database (variants 1, 2, 4, and 5). The residues of the monthly discharge values underline this (Figure 9 ). They emphasize the differences between the variants, but do not show any clear patterns between the variants. 2 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 NSE 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 NSE 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Monthly Water Balance Components within the Wetland
A summary of all the efficiency parameters for the variants of each modelled water balance component is listed in Table 4 . Generally, the model results show the best agreement for evapotranspiration. Variant 6 has the lowest NSE and r 2 , and the highest RMSE of all variants. The water withdrawal of the sub-areas behaves similarly to the evapotranspiration. Only variant 3, the strongest simplification of the soil input data, also has lower values for NSE and r 2 , as well as higher values of RMSE and σres compared to the other variants. The modelled values of the drainage from the sub-areas behave differently to those for evapotranspiration and water withdrawal. The 
A summary of all the efficiency parameters for the variants of each modelled water balance component is listed in Table 4 . Generally, the model results show the best agreement for evapotranspiration. Variant 6 has the lowest NSE and r 2 , and the highest RMSE of all variants. The water withdrawal of the sub-areas behaves similarly to the evapotranspiration. Only variant 3, the strongest simplification of the soil input data, also has lower values for NSE and r 2 , as well as higher values of RMSE and σ res compared to the other variants. The modelled values of the drainage from the sub-areas behave differently to those for evapotranspiration and water withdrawal. The drainage component of variant 8 has the lowest efficiency values of all four components. The soil simplification also has a higher impact than changing the land use map, as can be seen from a comparison of variants 3 and 6, though it affects drainage less than it does water withdrawal. The groundwater deficit has the largest differences between variants combined with the lowest efficiency values. Simplifying the model structure has the greatest effect on this component. Figure 10 illustrates how the evapotranspiration values scatter increasingly as the model input data and model structure are simplified. Reducing the soil classes with low percentage (variants 1 and 2) has less impact than reducing land use classes with low percentage (variants 1, 4, and 5) if the two major soil classes of "sand" and "peat" or the major land use classes of grassland, arable land, and forest are conserved. The largest results scatter was caused by the CORINE land use map (variant 6), the DEM25 (variant 7), and by simplifying the model structure (variant 8). The linear regression models of all the variants show that although their average behavior is very similar, they differ significantly from the original model, variant 0 (level of significance 0.001). The same results were obtained for the other water balance components. drainage component of variant 8 has the lowest efficiency values of all four components. The soil simplification also has a higher impact than changing the land use map, as can be seen from a comparison of variants 3 and 6, though it affects drainage less than it does water withdrawal. The groundwater deficit has the largest differences between variants combined with the lowest efficiency values. Simplifying the model structure has the greatest effect on this component. Figure 10 illustrates how the evapotranspiration values scatter increasingly as the model input data and model structure are simplified. Reducing the soil classes with low percentage (variants 1 and 2) has less impact than reducing land use classes with low percentage (variants 1, 4, and 5) if the two major soil classes of "sand" and "peat" or the major land use classes of grassland, arable land, and forest are conserved. The largest results scatter was caused by the CORINE land use map (variant 6), the DEM25 (variant 7), and by simplifying the model structure (variant 8). The linear regression models of all the variants show that although their average behavior is very similar, they differ significantly from the original model, variant 0 (level of significance 0.001). The same results were obtained for the other water balance components. Table 4 ). Rw (mm/month) 2 3 9 3 3 10 9 9
Rd (mm/month) Table 4 ). All water balance components affect the modeled groundwater levels in the wetland areas. The modifications to the soil data and the DEMs affect the water storage of the sub-areas, which represents the correlation between the water balance and the change in the groundwater levels during a model time step. The land use variants have a greater impact on the evapotranspiration, and thus the water demand, water withdrawal, and drainage of the sub-areas. The step-by-step coarsening of all input parameters (variants 1 to 8) results in an increasing scatter of the monthly groundwater deficits (Figure 11 ). The largest shift of all variants with respect to variant 0 can be seen in the model featuring the CORINE land use (variant 6), while variant 8 has the largest standard deviation of the residuals. Simplifying the model structure has a greater effect on the modeled groundwater levels than on the other water balance components considered (evapotranspiration, water withdrawal, and drainage), as shown before. GWdef ( All water balance components affect the modeled groundwater levels in the wetland areas. The modifications to the soil data and the DEMs affect the water storage of the sub-areas, which represents the correlation between the water balance and the change in the groundwater levels during a model time step. The land use variants have a greater impact on the evapotranspiration, and thus the water demand, water withdrawal, and drainage of the sub-areas. The step-by-step coarsening of all input parameters (variants 1 to 8) results in an increasing scatter of the monthly groundwater deficits (Figure 11 ). The largest shift of all variants with respect to variant 0 can be seen in the model featuring the CORINE land use (variant 6), while variant 8 has the largest standard deviation of the residuals. Simplifying the model structure has a greater effect on the modeled groundwater levels than on the other water balance components considered (evapotranspiration, water withdrawal, and drainage), as shown before. Table 4 ). Table 4 ).
Discussion
The main reason for using alternative input data for soil, land use, and DEMs was their availability in the whole Elbe River basin. The main aim of reducing the soil and land use classes was to reduce the number of hydrological response units, and thus to reduce the model computing time. The basic idea of the reduction steps was to add classes occurring over a small areal percentage of the whole area to include areas with a high areal percentage and nearly the same characteristics. Thus, it is not surprising that collating "loam above sand" and "loamy sand" with "sand" does not have a major effect on the water storage characteristics of the whole wetland and the calculated hydrological parameters. However, it makes a difference if we treat peaty areas like sandy areas. The water storage characteristics of the two soil types are different, and because the peaty soils make up one third of the whole area it has an impact on the water storage of the whole wetland. This affects the water demand of the wetland areas in times when the evapotranspiration exceeds the precipitation and therefore the water withdrawal from the streams. The usable water storage of sandy soils is lower than that of peaty soils, so the water withdrawal increases if water is available in the streams. In times with a water surplus in the wetland areas we have the opposite effect. Less water is stored in the wetland areas, and more water recharges into the streams. While the water withdrawal from the streams is mainly important from May to September, drainage into the streams occurs in winter and early spring. Thus, soil data coarsening affects the water balance components throughout the year. Finally, the soil simplification causes an increasing variation in the modeled discharge downstream of the wetland.
Reducing the land use classes of the detailed land use map for the Spreewald biosphere reserve (BTSPW) from seven to four has only a minor effect on the calculated evapotranspiration values because of the small areal percentage of the classes affected. Also, swapping the BTSPW map with the BTBRB one (which has four classes) results in approximate values for all calculated parameters. This is comparable with the results reported by [11] , who concluded that generalizing land cover maps showed relatively minor differences in the outflow of a modeled basin in Canada. Only the application of the CORINE land use map clearly leads to less evapotranspiration because there is a higher percentage of the arable land use class (Figure 3 ) and the water withdrawal values deviate further from the zero variant. This matches the results of Bormann et al. [14] showing that accuracy of land use data sets is more important than a high spatial resolution. Branger et al. [40] also conclude that land use maps should be selected and processed with care and with specific respect to the objectives of a study. So the recommendation for land use maps in wetland areas is to employ a land use map on the basis of biotope-type mapping.
The selected DEM has an impact on the water storage characteristics of the sub-areas if groundwater levels are near the surface. If the model is used for scenarios with higher target water levels than in this paper, for example, rewetting scenarios, the importance of the DEM increases, while it decreases for deeper target groundwater levels. The scattering of all parameters is larger for the DEM25 variants than for the equal variants with DEM10. The main reason is the smaller water storage. Thus, we get larger fluctuations of the groundwater levels with an impact on evapotranspiration, as well as on water withdrawal and drainage.
The last step of the model adaptation was to simplify the model structure by collating sub-areas into sections and reducing the stream network. If we look at the results for the individual sub-areas within the wetland, they show that the last step has a greater impact on the model results than the steps of data reduction or data exchange. This confirms the relevance of the dominant processes which should be considered as best as possible in the model simplification [19, 41] . In particular, the values of the water withdrawal decrease and the scatter of the groundwater deficit values increases. The reasons are the larger sub-areas in the simplified variants and the reduced stream network. Individual sections store more water because of the larger areas and there are fewer nodes in the stream network with rules for water distribution. Thus, the problem of the distribution of the water supply was simplified and the values for the water extraction were equalized. The variants with the simplified model also show lower groundwater deficit values for the whole wetland (Table 2 ). This is also because of the balancing effect of the larger sub-areas. However, it means that individual hotspots cannot be considered, which should be the case for specific investigations within a wetland. General conclusions concerning the behavior of the whole wetland are not affected by this balancing effect of the larger sub-areas. If we evaluate the summarized results for the whole wetland, the effect of the simplification is relatively low compared to the nuanced view within the wetland. Lorite, Mateos, and Fereres [25] found similar effects for the assessment of the irrigation requirement for different spatial aggregation levels of a 7000 ha irrigation scheme in Spain.
The results show that changing the input data and simplifying the model structure has an acceptable effect on the mean water balance components of the whole area. The mean water deficit of the whole wetland (difference between outflow and inflow) decreases slightly; the variance is nearly the same as in the base variant. The mean evapotranspiration and water withdrawal values from the streams are also slightly smaller, including their variances ( Table 2 ). This is because there are fewer, larger hydrological response units, which leads to simplification within the wetland. Similar effects were found by Sulis et al. [42] for different resolutions of DEM and responses of a hydrological model. Another aspect is the larger usable water storage obtained by modifying the DEM, especially for variant 8 ( Figure 7) . Taking into account all modifications of the input values and the model structure, the lower water budget deficit results in a lower groundwater deficit.
The visual analysis of the residuals of the monthly discharge values downstream of the wetland suggests that some variants increasingly deviate from the zero variants. However, not all efficiency parameters reflect this. R 2 and NSE are constant for all variants, and only RMSE and σ res have higher values for variants 3, 6, and 8 (one decimal place). This underlines the necessity to use different efficiency parameters for the model evaluation as recommended by Bennett et al. [37] , Krause, Boyle, and Bäse [38] , or Moriasi et al. [39] . On the other hand, 90% of the relative residuals of the discharge downstream of the wetland are smaller than 5%.
If the model is to be used in large river basins, its structure has to be simplified. Nevertheless, the input data should be coarsened carefully. It is also clear that one requirement for a large-scale impact assessment in a large basin is a comparable database for the whole basin, although the accuracy requirements also have to be fulfilled.
Conclusions
The aim of this paper was to simplify the detailed water balance model WBalMo Spreewald I, developed for a wetland with an intensive water management system on the basis of specific input data for soil, land use, and DEMs. The simplified model was to be applied in a large water balance model for the whole Elbe River basin. Therefore, the detailed model was coarsened to create a model using commonly available data as an input, and with a simpler structure. In the different steps we replaced the specific data with commonly available data and reduced the details of the model input data. The time step was always the same. The model results of the different generalization steps were compared in visual analyses and with different efficiency parameters for the most interesting water balance components of the wetland.
The results show that soil or land use classes should only be collated for classes with low occurrence in the whole area. This reduces the amount of input data and the model computing time. However, as computing power has increased, a more detailed discretization of the input data should not be a real problem today or in the future.
If there are differences between the data (such as those between the BTSPW and BTBRB land use maps, on the one hand, and the CORINE land use map on the other hand), this leads to differences in the results of the hydrological model. The conclusion must be to use the land use map which best reflects actual land use. Coarsening the input parameters has a damping effect on the results for the whole wetland, but the scatter of the water balance within the wetland increases. The results show that the model is suitable for scenario analyses if the input data are of high quality. It is not advisable to use generalized maps, whose details often deviate from reality. It is better to use detailed input data and coarsen the data for use on the regional scale, if possible.
Simplifying the model without violating model assumptions, but while representing the typical hydrological characteristics of wetland areas, was the biggest challenge. Summarizing sub-areas to form larger units by modifying the DEM fulfills this sufficiently. It has only a minimal impact on the water balance results summarized for the whole wetland. However, there are differences between the water balance components of the detailed and the simplified model within the wetland. This shows the constraints of regional models. It confirms that detailed analyses within a wetland should only be carried out with a detailed model. Nevertheless, the simplified model is suitable for large-scale analyses in the Elbe River basin. There, the impact of global change on the water balance of each wetland as a whole and on its sub-basin is the focus of investigation.
